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PNEUMATIC TIRE 



TECHNICAL FIELD 

[0001] The present invention relates to pneumatic tires, and 
more particularly, to a pneumatic tire capable of improving 
irregular wear created in running a circuit or the like where 
a large lateral acceleration is applied thereto during turning. 
TECHNICAL BACKGROUND 

[0002] Conventionally, there are proposed many pneumatic tires 
having a tread surface which is provided with a directional tread 
pattern the tire rotational direction of which is specified in 
one direction. In the pneumatic tires having such a directional 
tread pattern, there are pneumatic tires including a tread 
surface having circumferential grooves disposed on both sides 
of a centerline of the tire, and lateral grooves extending outward 
in a widthwise direction of the tire from the circumferential 
grooves so as to incline towards the tire reverse rotation 
direction to thereby define rhomboid-shaped or 
parallelogram-shaped blocks having obtuse-angled corner 
portions and acute-angled corner portions in its center region 
(for example, see Unexamined Japanese Patent Application 
Publication No . 11-91313) . 

[0003] In recent years , circuit courses are opened up to general 
car users, and the users often have chances to make their cars 
run a circuit course . When running such a circuit course, a lateral 
acceleration acting during turning is much greater, compared 
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with that in normal driving when running a public road, and 
irregular wear different from that in the normal driving is, 
therefore, created. 

[0004] In the pneumatic tires having the above-mentioned 
directional pattern of blocks, there is a problem of occurrence 
of irregular wear such that the obtuse-angled corner portions 
of the blocks facing to the circumferential grooves, that is, 
the obtuse-angled corner portions located on the kicking-out 
sides of the blocks wear more slowly than other parts thereof. 
DISCLOSURE OF THE INVENTION 

[0005] An object of the present invention is to provide a 
pneumatic tire which can improve irregular wear produced in 
running a circuit or the like where a large lateral acceleration 
is applied thereto during turning. 

[0006] In order to achieve the above object, a pneumatic tire 
according to present invention includes a tread surface having 
a direction of rotation of the tire which is specified in one 
direction, the tread surface having a center region which 
includes at least one first circumferential groove extending 
in a circumferential direction of the tire on one side of a 
centerline of the tire, first lateral grooves which extend 
outwardly in a widthwise direction of the tire from the first 
circumferential groove so as to incline towards a direction of 
reverse rotation of the tire being disposed at predetermined 
intervals in the tire circumferential direction, blocks which 
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have obtuse-angled corner portions and acute-angled corner 
portions being defined by the first circumferential groove and 
the first lateral grooves, 

[0007] wherein groove wall surfaces located on both sides of 
the obtuse-angled corner portion of each of the blocks facing 
to the first circumferential groove are inclined such that the 
inclination angles thereof are gradually greater towards the 
obtuse-angled corner portion and aremaximumat the obtuse-angled 
corner portion. 

[0008] According to the present invention described above, 
rigidity of the kicking-out side obtuse-angled corner portions 
increases, which allows for a more even distribution of ground 
contact pressure of the blocks in running a circuit or the like 
where a great lateral acceleration acts during turning. As a 
result, irregular wear resistance can be improved, and steering 
stability during turning can also be enhanced. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a partial development view showing an 
embodiment of a pneumatic tire according to the present invention, 
in which one side of the tread surface with respect to the 
centerline of the tire is developed. 

[0010] FIG. 2 is a partial enlarged cross-sectional view of 
the block. 

BEST MODES FOR CARRYING OUT THE INVENTION 

[0011] An embodiment of the present invention will be described 
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in detail below with reference to the drawings. 
[0012] Referring to FIG. 1, there is shown an embodiment of 
a pneumatic tire according to the present invention, and a tread 
surface 1, the tire rotational direction R of which is specified 
in one direction shown by an arrow, has a plurality of 
circumferential grooves 2 extending along a circumferential 
direction T of the tire . The plurality of circumferential grooves 
2 includes two first circumferential grooves 2A disposed on both 
sides of a centerline CL of the tire in a center region 1A of 
the tread surface 1, a second circumferential groove 2B disposed 
at a location defining the center region 1A and each of shoulder 
regions IB on both sides of the center region, and a third 
circumferential groove 1C disposed on the tire centerline CL. 
[0013] Each of the first circumferential grooves 2A extends 
in the tire circumferential direction T, and is composed of a 
plurality of circularly curved groove portions 2A1, which are 
convex towards the tire centerline CL and are connected to one 
another. Each of the groove portions 2A1 is in the form of a 
circular arc having a large radius of curvature, and each first 
circumferential groove is a so-called see-through groove, which 
can be seen through from one end to the other end of the second 
circumferential groove 2B when the tread surface 1 is fully 
developed. 

[0014] Each second circumferential groove 2B extends straight 
along the tire circumferential direction T, and has a groove 
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width which is less than the groove width of the first 
circumferential grooves 2A. 

[0015] The third circumferential groove 2C also extends 
straight along the tire circumferential direction T, and has 
a groove width which is greater than the groove width of the 
first circumferential grooves 2A. 

[0016] Disposed at predetermined intervals along the tire 
circumferential direction T are first lateral grooves 3 extending 
outward in a widthwise direction of the tire from each of the 
first circumferential grooves 2A so as to incline towards a 
direction of reverse rotation of the tire, and a plurality of 
blocks 7 having a diagonal pair of obtuse-angled corner portions 
5 and a diagonal pair of acute-angled corner portions 6 are defined 
by the circumferential grooves 2A and 2B and the first lateral 
grooves 3 in the center region 1A. Ribs 8 extending along the 
tire circumferential direction T are formed between the 
circumferential grooves . 2A and 2C. 

[0017] Disposed at predetermined intervals along the tire 
circumferential direction T are second lateral grooves 4 
extending outward in the tire widthwise direction from each of 
the second circumferential grooves 2B so as to incline towards 
the tire reverse rotation direction, and a plurality of blocks 
11 having a diagonal pair of obtuse-angled corner portions 9 
and a diagonal pair of acute-angled corner portions 10 are defined 
by the circumferential grooves 2B and the second lateral grooves 
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4 in the shoulder regions IB. 

[0018] The first lateral grooves 3 each have an inner terminal 
end which is in communication with a connecting part between 
the circularly curved groove portions 2A1. The outer end side 
of each first lateral groove 3 extends into each block 11 so 
as to cross and communicate with the second lateral groove 2A, 
and the outer terminal end thereof is located within each block 
11. 

[0019] The second lateral grooves 4 are displaced 

substantially one-half of the intervals from the first lateral 
grooves 3, and are substantially centrally located between the 
first lateral grooves 3 . The inner end side of each second lateral 
groove 4 extends into each block 7, and the inner terminal end 
thereof is located substantially centrally of each block 7. 
[0020] The corner portions 5X, 6X, 9X, 10X and X of the blocks 
7 and 11 facing to the second circumferential grooves 2B each 
have a groove wall edge section which is formed to have a chamfered 
face e which is circularly curved in cross section. The chamfered 
faces e are inclined such that the inclination angles thereof 
with respect to the tire radial direction are greater than those 
of the groove wall surfaces Wl of the blocks facing to the second 
circumferential grooves 2b, which increases block rigidity of 
the corner portions in the areas where noise is apt to be created, 
thereby suppressing generation of noise due to slippage of the 
block corner portions. 
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[0021] Groove wall surfaces W2 and W3 located on both sides 
of the obtuse-angled corner portion, namely the kicking-out side 
obtuse-angled corner portion 5Y, of each of the blocks 7 facing 
to the first circumferential grooves 2A are inclined such that 
the inclination angles thereof are gradually greater towards 
the obtuse-angled corner portion 5Y, and the inclination angles 
thereof are maximum at the obtuse-angled corner portion 5Y. The 
obtuse-angled corner portion 5Y has a groove wall edge section 
which is formed to have a chamfered face n which is circularly 
curved in cross section. 

[0022] It was very hard to learn the ground contact state of 
a tire when running a circuit where a lateral acceleration acting 
during turning was much greater, compared with that in normal 
driving, before. However, with progress in hardware recently, 
the ground contact state of a tire has beenpossible tobe simulated 
under such conditions. As a result of the simulation, it has 
been realized that a force acts substantially at a right angle 
to the tire during turning in a circuit, and the tread surface 
contacts with the ground with its ground contact shape being 
substantially of a triangle the top of which is located on the 
force acting side . The ground contact state showed that the ground 
contact pressure on the kicking-out side obtuse-angled corner 
portions 5Y of the blocks 7 in the center region 1A was greatly 
lowered and the corner portions 5Y slipped in kicking out. It 
has turned out that, due to the slipping, the corner portions 
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5Y wear slower and irregular wear which is different from that 
in normal driving is created. In the normal driving, kicking-out 
side acute-angler corner portions 6X are lower in ground contact 
pressure, thereby causing . irregular wear such that the 
acute-angled corner portions wear slower. 

[0023] According to the present invention, on the basis of 
the above knowledge, the groove wall surfaces W2 and W3 located 
on both sides of the obtuse-angled corner portion 5Y of each 
block 7 are inclined such that the inclination angles thereof 
are gradually greater towards the obtuse-angled corner portion 
5Y, and the inclination thereof is maximum at the obtuse-angled 
corner portion 5Y, as described above. This increases rigidity 
of the kicking-out side corner portions 5Y, and allows for an 
even distribution of ground contact pressure of the blocks 7 
in running a circuit or the like where a great lateral acceleration 
acts during turning. Accordingly, irregular wear can be 
suppressed, and steering stability during turning can also be 
improved. 

[0024] In the present invention, the inclination angles of 
parts of the groove wall surfaces in the obtuse-angled corner 
portion 5Y where the inclination angels are maximum are 
preferably in the range of 10 to 40 degrees. If the inclination 
angles thereof are less than 10 degrees, it is difficult to 
effectively improve irregular wear. If the inclination angles 
thereof are greater than 40 degrees, the first circumferential 
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grooves 2A are wider in width at each part adjacent thereto, 
thereby increasing the ground contact pressure on the edge 
sections of the acute-angled corner portions 6 opposite the 
obtuse-angled portions 5Y. As a result, the edge sections of 
the acute-angled corner portions 6 wear rapidly and another 
irregular wear is created. On the other hand, if the inclination 
angles thereof are greater than 40 degrees with the ground contact 
area of each block 7 maintained, the first circumferential 
grooves 2A decrease in volume to thereby degrade wet performance . 
The inclination angles thereof are desirably in the range of 
20 to 30 degrees. Note that the inclination angle of the groove 
wall surface referred to in the present invention is, as shown 
in FIG. 2, an angle a between the groove wall surface W2 or 
W3 and a straight line J orthogonal to a line G tangent to the 
top surface 7a of the block 7 at an intersection F of the groove 
wall surface W2 or W3 and the top surface 7a. 
[0025] The starting positions a and b from which the groove 
wall surfaces W2 and W3 make their inclination angles greater 
towards the obtuse-angled corner portion 5Y are located on the 
acute-angled corner portion 6 sides from the central positions 
of the groove direction lengths of the groove wall surfaces W2 
and W3, and preferably, the groove wall surfaces W2 and W3 are 
inclined such that their inclination angles are gradually greater 
from the acute-angled corner portions 6 towards the obtuse-angled 
corner portion 5Y. 
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[0026] In the case where, as described above, the groove wall 
edge section of each obtuse-angled corner portion 5Y has a 
circularly curved chamfered face n, a ridge line m between the 
top surface 7a of the block 7 and the groove wall surfaces W2 
and W3 connected thereto is preferably in the form of a circular 
arc having a single curvature radius K. 

[0027] In the above embodiment, the present invention shows 
a pneumatic tire also having blocks 11 in the shoulder regions 
IB, but is not limited thereto. The present invention is 
preferably applicable to any of pneumatic tires including blocks 
having obtuse-angled corner portions 5 and acute-angled corner 
portions 6, defined by the first circumferential groove 2A 
disposed on one side of the tire centerline CL and the first 
lateral grooves 3 in a tread surface 1 the tire rotational 
direction R of which is specified in one direction. 
[0028] The present invention is preferably applicable to 
pneumatic tires for passenger cars, especially employed for high 
performance vehicles with a large engine size. 
EXAMPLE 

[0029]. Tires according to the present invention and prior art 
were prepared, respectively, having a tire size of 235/45ZR17; 
the present invention tires had a construction shown in FIG. 
1, and were arranged such that the groove wall surfaces located 
on both sides of the kicking-out side obtuse-angled corner 
portion of each of the blocks were inclined such that the 
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inclination angles thereof were gradually greater from 10 degrees 
towards the obtuse-angled corner portion and had the maximum 
angles of 30 degrees at the obtuse-angled corner portion; the 
prior art tires had the same constructions as the present 
invention tires except that the groove wall surfaces thereof 
had the same inclination angles of 5 degrees . 
[0030] The test tires were seated on 17X8JJ sized rims, 
inflated to an air pressure of 230 kPa, andmounted on a passenger 
car of 3 liter displacement; the evaluation tests for irregular 
wear resistance and turning performance were carried out in the 
following measurement methods, obtaining the results shown in 
Table 1. 

Irregular Wear Resistance 
[0031] The car was run on a dry asphalt road surface, drawing 
a f igure-8 with a lateral acceleration acting upon the car being 
0.76G, and after repeating it 500 times, the remaining amounts 
of each obtuse-angled corner portion and each acute-angled corner 
portion on the kicking-out side of the block were measured; the 
evaluation results were represented by an index where the prior 
art tire is 100. The greater the index value, the smaller the 
difference between the remaining amounts of the obtuse-angled 
corner portions and acute-angled corner portions on the 
kicking-out side and thus the better the irregular wear 
resistance. 
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Turning Performance 
[0032] The car was run on a dry asphalt road surface, drawing 
a circle having a radius of 3.0 meters, and the maximum lateral 
acceleration was measured acting thereupon; the evaluation 
results were represented by an index where the prior art tire 
is 100. The greater the index value, the higher the maximum lateral 
acceleration and thus the better the steering stability during 
turning. 



Table 1 





Prior 

Art 

Tire 


Present 

Invention 

Tire 


Irregular 
Wear 

Resistance 


100 


137 


Turning 
Performance 


100 


105 



[0033] As can be seen from Table 1, the tires according to 
the present invention can improve irregular wear resistance and 
enhance turning performance. 

[0034] As having been illustrated above, according to the 
present invention, the groove wall surfaces located on both sides 
of the kicking-out side obtuse-angled corner portions of the 
blocks facing to the circumferential groove disposed on a side 
of the tire centerline, are inclined such that the inclination 
angles thereof are gradually greater towards the obtuse-angled 
corner portion and are maximum at the obtuse-angled corner 
portion, which allows for an even distribution of ground contact 
pressure of the blocks in running a circuit or the like where 
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a great lateral acceleration acts during turning. Accordingly, 
irregular wear resistance canbe improved, and steering stability 
during turning can also be enhanced. 
INDUSTRIAL APPLICABILITY 

[0035] The present invention having the aforementioned 
excellent effects is very effectively applicable to pneumatic 
tires employed when general car users make their cars run a circuit 
or the like in which a large lateral acceleration is applied 
thereto during turning. 
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